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Abstract 
Combustion process in furnaces is affected by various factors, so that the aim of present research is investigation on one of 
the aforementioned factors on the combustion process of burners which are uses in refineries and petrochemical industries. 
This paper presents Computational Fluid Dynamics (CFD) model of a non-premixed burner and emphasis is placed on the 
study of the angle of gas which is injected of burner tip to combustion zone. In the present work aim is finding the best 
geometry of burner tip by testing the different angles of gas injection to optimize the burner performance and decrease the 
pollutant emission. The best geometry can bring significant benefits, including lower NOx and CO emission, and overall 
high combustion efficiency. 
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1. Introduction 
Non-premixed burners are those which fuel and oxidizer do not mix before entering the combustion zone. 
Basically, the fuel is injected via a nozzle or a simple duct into the combustion zone. Since the fuel and 
oxidizer are in contact only in a limited zone inside the burner but separated elsewhere (especially in the 
feeding system), this configuration is the safest too [1]. Diffusion of oxidant and fuel has to occur 
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simultaneously to reaction in order to sustain combustion. Non-premixed flame has some other advantages. 
By controlling the flows of both reactants, it is (theoretically) possible to establish the stoichiometric interface, 
and so, the location of the flame sheet. Moreover, the strength of the flame can be controlled through the same 
process. Depending on the width of the transition region from the oxidizer to the fuel side, fuel and oxidizer 
feed the flame at different rates.  
In this work the goal is achieved when less pollutant emission and more uniform thermal contribution is 
occurred. Nozzle shape is important in studying our design and there is no general trend towards more 
sophisticated nozzle geometry. In this work it has been tried to find the best model of gas injection. Important 
parameters for model understanding of furnace process include: pollutant emission and temperature 
distribution in combustion zone. Several fuel injection angles were tested to investigate the effect on furnace 
throughout and gas temperature and gas species concentrations (CO, NOx) were measured. These 
measurements were taken on a symmetry plane and on a central line of burner and furnace. 
2. Material and methods 
2.1. Physical model 
The non-premixed burner which was geometrically used as simulation base of this research is shown in Fig. 
1. Schematic diagram of experimental set up of non-premixed burners shown in Fig.2 [2]. 
 
  
Fig. 1. Photographic view of non-premixed burner Fig. 2. View of the burner tip 
Experimental burner is continuous type and has 4 radial positioned fuel delivery tubes that each has a 
burner tip. Tubes are installed coaxially with air flow. Burner is connected to a cylindrical furnace and a 
cylindrical stack; is placed in the bottom of furnace, which introduces the fuel and air into the combustion 
chamber. Air as oxidizer flows from bottom of burner naturally and gas is forced through a pressure-jet nozzle 
forming 3 hollows with different angles. At the inlet, the mass flow rate of gas (which is same as in the 
experiment) is prescribed as 0.005 kg/s. Operating condition has been used during simulation are shown in 
Table.1.  
Table 1. Composition of producer gas (mole fraction) 
CH4 C2H6 C3H8 C4H10 CO2 N2 
0.0965 0.017 0.001 0.001 0.003 0.013 
In the recent research, the angle of fuel injection has been changed several times and according the 
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temperature distribution and pollutant emission-as important factors in designing burner- the best fuel 
injection angle has been determined. Accuracy of the model results has been assisted by ensuring the 
differential equation of the model and validation by comparing standard values. Each burner tips are located 
on the radius of 30.48 cm. Four different injection topologies are reported here: injections by (30º, 45º, 60º), 
(80º, 80º, 80º), (20º, 20º, 20º) and (30º, 50º, 70º) to the co-flowing air stream. Figures of burner tip and gas 
injection angles have been shown in Fig 3 and Fig 4 (e.g. 30º, 45º, 60º and 80º, 80º, 80º) respectivly. 
2.2. Mathematical model 
A 3-D turbulent flow model is applied for the non-premixed burner. The non-premixed model uses a 
modeling approach that solves transport equation for one or two conserved scalars and the mixture fractions. 
Multiple chemical species, including radicals and intermediate species, may be included in the problem 
definition. Their concentrations are derived from the predicted mixture fraction distribution [3]. Geometry 
was created using Gambit software version 2.3.16, which is pre-processor of Fluent software.  
2.2.1. Geometry and grid 
Following simplifying assumptions are applied to the model: First down part of burner where air enters 
wasn’t modeled because an extensive characterization of the air inlet was available. Second height of furnace 
and stack was assumed shorter than real. This simplification is based on assumption that the boundary 
condition of exit part has been set as outflow. Experimental measurements confirm that the flow is nearly 
symmetric about the vertical ¼ plane. It is a common practice in numerical modeling to take advantage of the 
geometric symmetry to reduce the size of the problem. In this study, this practice is adopted and only a 
quarter of the model is considered in the numerical model (Fig. 5) [4].  
 
Fig. 3. View of the test burner and combustion chamber and the mesh details. 
Computational mesh is of importance to this type of simulation. The surface of the computational mesh 
and finite-volume mesh of 951650 cells for burner and other parts is displayed in Fig.3. The internal surfaces 
must be accurately defined and these are often complex and the burner scales are usually much smaller than 
furnace. The mesh surrounding the air inlet, nozzles and flame area is assumed finer in order to consider the 
larger gradients of variables expected in these area [5].  
3. Results and Discussion 
The non-premixed burner was optimized for its different parameters by changing the shape of burner tip. 
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The burner was operated for some angles. There are some limitations for pollutant emission. Regarding 
penetration limits of industrial pollution, equipment should be well calibrated and controlled in order to 
produce less amount of pollutant and maintain the standard limits. According to industrial standard and 
experimental data of burner designing, maximum NOX and CO penetration should be less than 350 ppm and 
150 ppm respectively and temperature near wall of furnace should be around 1100 K. Experiment revealed 
that the uniform and high temperature non-premixed flame should be observed after burner tip [2]. The burner 
was numerically optimized for angle of gas injector of burner tip by using angles of (30º, 45º, 60º), (80º, 80º, 
80º), (20º, 20º, 20º) and (30º, 50º, 70º). Numerical results include gas temperature measurements, the ignition 
location of the flames, flue gas composition analysis.  
Gas injection and its distribution are very important to the production of carbon monoxide and nitrogen 
oxides. According to result of simulation: If the angle of gas injection is (30º, 45º, 60º), CO and NOX will be 
in standard ranges and temperature distribution will be more uniform than other models. When the angle is 
(80º, 80º, 80º), and temperature distribution and flame structure are not logical. For other angles like (20º, 20º, 
20º) or (30º, 50º, 70º) temperature in combustion zone and pollutant emissions are higher than our aim for 
designing limits. For (30º, 45º, 60º), temperature distribution is shown in Fig (6.a) and NOx distribution is 
shown in Fig (6.b).  
 
Fig. 4. (Left) Temperature distribution, (Right) NOx contours plot (mole fraction) for angle of (30 º, 45 º, 60º) 
Effect of burner tip angle can be seen on flame shape and temperature distribution. In (30º, 45º, 60º), (20º, 
20º, 20º) and (30º, 50º, 70º) combustion process starts after burner tips, same as real situation but in (80º, 80º, 
80º) the position of combustion is far from burner tip and causes ununiformed temperature distribution.  As it 
is shown in Fig. 4 a heat distribution in the area behind flame, inside furnace and near walls - that 
hydrocarbon fluids are passing inside tubes – is relevant to standards of burners and furnace design. The 
temperature range of 993.27 – 1078.16 K have been achieved same as required temperature in real case.  
Maximum temperature is at axial distance of  60, 40 and 40 cm from burner tip for (30º, 45º, 60º), (20º, 20º, 
20º) and (30º, 50º, 70º) respectively and 2350 K at an axial distance of 210 cm from burner tip for (80º, 80º, 
80º) as shown in Fig. 5. It means that flames ignition is occurred at axial distance of about 60 and 40 cm and 
210 cm. Distance 210 cm from burner tip causes problems for combustion process in furnace (e.g. non 
uniform distribution). Axial location of ignition and peak temperature is different for mentioned angles. In 
(80º, 80º, 80º) there is a delay in flame formation. By comparing four injection angles, temperature 
distribution for (80º, 80º, 80º) is more unacceptable than the other models. For (20º, 20º, 20º) temperature 
distribution is also unacceptable because isn’t uniform and length of flame is too long. Temperature near 
furnace wall is high and it causes deforming of furnace tubes. For (30º, 50º, 70º) the result shows temperature 
distribution is uniform but is in high range. This high range of temperature is dangerous for instruments in 
furnace and cause deformation of tubes too. 
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Fig. 5. Axial temperature distribution for different gas injection angle.   Fig. 6. Axial NOx emission (ppm) for different gas injection angle. 
The fuel-bound nitrogen results NOx emission. This reaction is strongly temperature dependent. Figure 6 
shows that NOx emission in first model is in standard range (less than 350 ppm). NOx counter low bound and 
high bound for (30º, 45º, 60º) is 0-50 ppm, for (80º, 80º, 80º) is 0-500 ppm, for (20º, 20º, 20º) is between 0 to 
133 ppm and for (30º, 50º, 70º) is 0 to 135 ppm. Thermal NOx has been modeled so near flame and around hot 
area in furnace content of NOx is high. Just for (80º, 80º, 80º) results are out of standard range. 
4. Conclusions 
1. The optimal performance with respect to uniform temperature distribution and less pollutant emission is 
achieved when the gas injection angles are (30º, 45º, 60º). This is attributed to the fact that when the injection 
angle is appropriate thus more uniform flow distribution among the burner is achieved. For (80º, 80º, 80º), 
flame is produced far from the burner tip and unacceptable temperature distribution, high content of pollutants 
is achieved too. (20º, 20º, 20º) and (30º, 50º, 70º) make uniform temperature distribution but high content of 
pollutants are achieved. 
2. Study reveals that maximum temperature is at the center of flame, therefore temperature gradually 
reduces in radially and axially outward direction. 
3. The NOx emissions are affected by the thermal input and it is observed that NOx emissions are 
independent temperature and high content of emission achieved near flame and hot area of furnace. 
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